ELECTRODE AND METHOD OF MANUFACTURE 



FIELD OF THE INVENTION 
[0001] The present invention relates to an electrode for a plasma display panel, PDP, and 

to a method of manufacturing the electrode on a substrate of a PDP. 

5 BACKGROUND 

[0002] A plasma display panel has a substrate on which electrodes are fabricated by 



performing industry known, photolithographic process steps. First, a photo resist covers a layer 
of electrode material on the substrate. The, according to a development process, 
photolithographic patterning is performed by directing a beam of electromagnetic radiation 
10 through a patterned photolithographic mask. The beam is patterned by the mask, and is focused 
to irradiate a photo resist layer with an un-irradiated pattern. Then, the patterned photo resist 
layer is washed with a developer to remove the non-irradiated part, which leaves behind a 
patterned photo resist. The patterned photo resist covers a layer of electrode material on the 
substrate. 

. 1 5 [0003] With the patterned photo resist in place, selective etching is performed to etch the 

electrode material, which forms a pattern of electrodes on the substrate of the plasma display 
panel. The electrodes have elongated bus line conductors that interconnect with spaced apart 
contact pads. 

[0004] Then the substrate and the pattern of electrodes are fired, at elevated temperatures * 

20 to drive off organic compounds, to unify electrode particles into a solid mass, and to increase the 
conductivity, durability and permanence of the electrodes under voltage stress, as well as, to 
secure the electrodes on the substrate. 

[0005] Fig. 4 discloses an exemplary pattern of electrodes having bus line conductors 

connected to pads. The bus line conductors have narrow widths, or narrow width dimensions. 
25 The pads have wide widths, or wide width dimensions, because the pads need relatively large 
surface areas to establish electrical connections with corresponding, hexagonal shaped pixel 
electrodes. As disclosed by Fig. 4, the pixel electrodes cover and engage corresponding pads. 
[0006] Fig. 5 discloses a break in the electrode pattern. The break appears during the 

process of developing the electrode pattern, or during the process of firing the electrode pattern. 
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[0007] The break is caused by development of a patterned electrode with an abrupt 

change in the width of an electrode where a corresponding, narrow bus line conductor intersects 
a wide pad. When the patterned mask is developed, a fluent developer flows lengthwise of the 
electrodes. Because the electrodes lack a streamlined profile, the fluent developer erodes side 
5 cuts laterally into the patterned mask. The side cuts in the patterned mask are transferred to the 
electrodes, which make electrodes that are weakened by patterned side cuts, and susceptible to a 
break. During a firing process at a temperature elevated above ambient, a break in an electrode is 
due to a wide width of the pad that shrinks more, while cooling, than does the narrow width of an 
intersecting bus line conductor. 

1 0 SUMMARY OF THE INVENTION 

[0008] A motivation for the invention is to avoid a break that would occur in an electrode 

of a plasma display device. 

[0009] According to an embodiment of the invention, the electrode profile is made to be 

streamlined or curved, such that developer flow avoids erosion of a side cut at a sharp angle in 
1 5 the profile of a patterned mask that would cause an electrode break. 

[0010] According to another embodiment of the invention, the line width of the electrode 

changes gradually from narrow to wide, which avoids causing an electrode break during the 
firing process. 

[001 1] According to an embodiment of the invention, at the intersection of a bus line 

20 conductor and a pad, the line width of the electrode is wider than a line width of the bus line 
conductor and narrower than a line width of a wider section of the pad. 
[0012] Embodiments of the invention will now be described by way of example with 

reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
25 [0013] FIGURE 1 is an enlarged plan view of prior art patterned electrodes on a substrate 

of a plasma display panel. 

[0014] FIGURE 2 is a view similar to Fig. 1, and further disclosing hexagonal pixel 

electrodes. 
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[0015] FIGURE 3 is a view similar to Fig. 1, and further disclosing rectangular pixel 

electrodes. 

[0016] FIGURE 4 is a view similar to Fig. 1, and further disclosing hexagonal pixel 

electrodes joining corresponding bus line conductors. 
5 [001 7] FIGURE 5 is a view of a break in a patterned electrode. 

[001 8] FIGURE 6 is an enlarged plan view of a patterned electrode according to an 

embodiment of the invention. 

[0019] FIGURE 7 is an enlarged plan view of a patterned electrode according to another 

embodiment of the invention. 
1 0 [0020] FIGURE 8 is an enlarged plan view of a patterned electrode according to another 

embodiment of the invention. 

[0021] FIGURE 9 is an enlarged plan view of a patterned electrode according to another 

embodiment of the invention. 

[0022] FIGURE 10 is an enlarged plan view of a patterned electrode according to another 

1 5 embodiment of the invention. 

[0023] FIGURE 1 1 is an enlarged plan view of a patterned electrode according to another 

embodiment of the invention. 

[0024] FIGURE 12 is an enlarged plan view of a patterned electrode according to another 

embodiment of the invention. 

20 DETAILED DESCRIPTION 

[0025] This description of the exemplary embodiments is intended to be read in 

connection with the accompanying drawings, which are to be considered part of the entire 
written description. In the description, relative terms such as "lower," "upper," "horizontal," 
"vertical,", "above," "below," "up," "down," "top" and "bottom" as well as derivative thereof 

25 (e.g., "horizontally," "downwardly," "upwardly,"etc.) should be construed to refer to the 

orientation as then described or as shown in the drawing under discussion. These relative terms 
are for convenience of description and do not require that the apparatus be constructed or 
operated in a particular orientation. Terms concerning attachments, coupling and the like, such 
as "connected" and "interconnected," refer to a relationship wherein structures are secured or 
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attached to one another either directly or indirectly through intervening structures, as well as 

both movable or rigid attachments or relationships, unless expressly described otherwise. 

[0026] Fig. 1 discloses multiple, patterned electrodes (100) for a plasma display device. 

Each electrode (100) has one or more enlarged pads (102). Each pad (102) of a corresponding 
5 electrode (100) joins a corresponding bus line conductor (104) of the electrode (100) . Each of 

Figs. 2-5 discloses patterned electrodes (100) that are similar to those disclosed by Fig. 1. 

[0027] Fig. 4 discloses an exemplary pattern of prior art electrodes (100) having bus line 

conductors (104) connected to pads (102). The bus line conductors (104) have narrow line 

widths, or narrow width dimensions. The pads (102) have wide line widths, or wide width 
10 dimensions, because the pads (102) need relatively large surface areas to establish electrical 

connections with corresponding, hexagonal shaped pixel electrodes (106). As disclosed by Fig. 

4, the pixel electrodes (106) cover and engage corresponding pads (102). 

[0028] Fig. 5 discloses a break (108) in the electrode pattern. The break (108) appears 

during the process of developing the electrode pattern, or during the process of firing the 
15 electrode pattern. The break (108) includes, and is not limited to, cracking and severing of the 

electrode pattern. The break (108) most often occurs at an intersection of a narrow width bus line 

conductor (104) and a wide width pad (102). 

[0029] The break (108) is caused, for example, by development of a patterned electrode 

(100) with an abrupt change in the width of an electrode (100) at an intersection (1 10) of a 

20 corresponding, narrow bus line conductor (104) and a wide pad (102). In the embodiments 
disclosed by Figs. 1-5, the narrow bus line conductor (104) intersects directly with the widest 
section (1 12) of a pad (102). A break (108) is caused, for example, during the development 
process, when a fluent developer washes over the electrode (100), and erodes side cuts in the 
electrode pattern. Further, a break (108) is caused, for example, during firing, because the wide 

25 width of the pad (102) shrinks more, while cooling, than the narrow width of an intersecting bus 
line conductor (104). 

[0030] Each of Figs. 6-12 discloses an embodiment of an electrode (100) on a substrate 

of a plasma display device. Each electrode (100) has a length that extends along a line from one 
end (100a) of the electrode (100) to an opposite end (100b) of the electrode (100) . Each 
30 electrode (100) has a line width, measured transverse to the length of the electrode (100) . Each 
electrode (100) has a bus line conductor (104) of narrow line width at each intersection (110) 
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with an enlarged pad (102) of wider line width. According to the invention, an intersection (110) 
is defined at a location where the line width of an electrode (100) begins to increase, and, 
thereby, becomes a line width of a pad (102) that joins the bus line conductor (104) of narrower 
line width. 

5 [003 1 ] The invention avoids an intersection ( 1 1 0) of a bus line conductor ( 1 04) with a 

pad (102) at its widest line width on a widest section (112) of a pad (102). Instead, the 
intersection (110) has a line width that is smaller than the line width of a pad (102) at its widest 
section (112). 

[0032] At an intersection (1 10) of each pad (102) with a corresponding bus line 

10 conductor (104), a line width of the pad (102) is wider than a line width of the bus line conductor 
(104), and is substantially narrower than a line width of a wider section (1 14) of the pad (102). 
The line width of the pad (102) at the intersection (1 10) is substantially narrower, which means 
that the line width is purposely dimensioned to be narrower, than the line width of a wider 
section (1 14) of the pad (102). A pad (102) with that feature avoids being a cause for a break 
15 (108) in the electrode (100). According to the embodiments of the invention, the wider section 
(114) of the pad (102) is between the intersection (110) and the widest section (1 12) of the pad. 
[0033] Each of Figs. 6, 9 and 1 1 discloses an embodiment of the present invention 

wherein, an abruptly increased line width is on a portion of the electrode (100) between the 
intersection (110) and the wider section (114), which avoids being a cause for a break (108) in 
20 the electrode (100). According to the prior art electrodes (100), the abruptly increased line width 
extends directly from a narrow section to the widest section (1 12) of a pad (102), which would 
not avoid being a cause for a break (108) in the electrode (100). 

[0034] According to an embodiment of the invention, the line width of the electrode 

(100) changes gradually from narrow to wider, which avoids causing an electrode break (108) 
25 during a firing process. Each of Figs. 6-12 discloses an embodiment of the invention wherein, the 
wider section (1 14) of the pad (102) has a feature of a gradually increasing width, so as to further 
avoid being a cause for a break (108) in the electrode (100) . 

[0035] According to an embodiment of the invention, the electrode profile is made by the 

development process to be streamlined or curved, to eliminate erosion caused by the fluent 
30 developer to erode a side cut at a sharp angle in the profile, which would cause an electrode 

break (108). The streamlined or curved profile extends along a line width of the electrode (100) 
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that changes gradually from narrow to wider. Further, according to an embodiment disclosed by 
each of Figs. 1 1 and 12, the maximum width section is on a curved profile of the pad (102). 
[0036] Each of Figs. 6-12 discloses an embodiment of the invention wherein, the pad 

(102) has a maximum width section. According to Figs. 6 and 7, the maximum width section is 
5 on a pointed profile of the pad (102). A profile refers to a peripheral edge and its features of 
shape or appearance. 

[0037] Further, according to an embodiment disclosed by each of Figs. 8, 9 and 10, the 

section of maximum width is on a straight profile of the pad (102). 

[0038] Further, according to an embodiment disclosed by each of Figs. 9, 10 and 1 1, a 

10 portion of the electrode (100) between the intersection (110) and the wider section (1 14) of the 
pad (102) has a first tapered profile. The wider section (1 14) of the pad (102) has a second 
tapered profile. 

[0039] According to an embodiment disclosed by each of Figs. 7, 8, 9, 10, 1 1 and 12, a 

portion of the electrode (100) between the intersection (110) and the section of maximum width 
15 has a tapered profile. The profile is a straight tapered profile according to an embodiment 

disclosed by each of Figs. 7, 8 and 10. According to the embodiment disclosed by Fig. 12, the 
profile is concave and tapered. 

[0040] Each of Figs. 1 1 and 12 discloses an embodiment of the present invention 

wherein, the profile is streamlined or curved. 
20 [004 1 ] Although the invention has been described in terms of exemplary embodiments, it 

is not limited thereto. Rather, the appended claims should be construed broadly, to include other 
variants and embodiments of the invention, which may be made by those skilled in the art 
without departing from the scope and range of equivalents of the invention. 
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